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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/CA00/00873 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1 -28 as originally filed 

Claims, No.: 

1 -55 as received on 1 6/07/2001 with letter of 1 3/07/2001 

Drawings, sheets: 

1/15-15/15 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and^annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: 

No: 

Inventive step (IS) Yes: 

No: 

Industrial applicability (IA) Yes: 

No: 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Claims 

Claims 1 ,20,25,39,47 
Claims 

Claims 2-19,21-24,26-38, 40-46,47-55 

Claims 1-55 
Claims 
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EXAMINATION REPORT - SEPARATE SHEET 



Item V: 

1 . Independent claims 1 , 20,25,39,47 are not consider novel: 

1.1 US-A-4486207 discloses a separator with a cyclone chamber, means for 
introducing and removing, separation means 121 having holes 124 so that 
particles pass therethrough to particle receiving means 126 (see figures 7,8 and 
the corresponding text). Consequently, all the features of claim 1 are disclosed. 

1 .2 All the features of claims 20, 25 and 39 are also known from US-A-4486207 for 
the same reasons as given in paragraph 1.1. 

1 .3 All the features of claims 1 , 20, 25 and 39 are also known from WO-A-98/43721 
(fig. 5), DE-C-875134 (Abb. 1), US-A-2981369 (fig. 3), DE-C-4232382 (fig. 1) and 
US-A-3988132 (fig. 1). 

1 .4 WO-A-98/43721 discloses a vacuum cleaner comprising all the features of claim 
47 (see figures 1 ,5 and the corresponding text). 

2. Having regard to the dependent claims, the features of these claims, insofar as 
they are not known from the documents cited in the Search Report for the same 
purpose as in your application, are generally known to a person skilled in the art, 
and, therefore, do not add an inventive step to the claims from which they depend. 

3. The industrial applicability is obvious. 

Item VII: 

The description is adapted to the claim, and the prior art known from US-A- 
4486207, WO-A-98/43721, DE-C-875134, US-A-2981369, DE-C-4232382 nd US- 
A-3988132 is not cited in the description. 

Item VIII: 

Independent claims 1 , 25 and 39 are not concise as required by Article 6 since 
each one defines a separator and repeats much of the content of the others. 
Therefore, it is appropriate to have a single independent claim defining separator. 
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WE CLAIM : 




1. A separator for separating entrained particles from a fluid flow, the 
separator comprising: 

(a) a cyclone chamber an outer wall aAd a cyclonic flow region, the 
cyclonic flow region having a radial width/an outer peripheral portion, a 
medial portion disposed interior of the peripheral portion and an inner 
portion disposed interior of the medial portion; 

(b) a fluid inlet for introducing a cyclonic fluid flow to the cyclonic flow 
region; 

(c) a fluid outlet for removing the fluid flow from the cyclone chamber; 

(d) a particle separating member positioned in the cyclone chamber 
beneath at least a portion of the cyclonic flow region, the particle separating 
member having a plurality of aperturej; and, 

(e) a particle receiving chamber disposed beneath the particle 
separating member for receiving particles passing into the particle receiving 
chamber through the apertures J 

wherein the apertures are disposed on the particle separating member 
such that the medial portion of the jcyclonic flow region is substantially free 
from said apertures. 



20 2. The separator of claim 1 whefrein the peripheral portion of the cyclonic 
flow region comprises one quarter of the radial width of the cyclonic flow 
portion. 



25 



3. The separator of claim 2 wherein the medial portion of the cyclonic 



flow region comprises one half 
portion. 



of the radial width of the cyclonic flow 



4. The separator of claim 1 wherein the particle receiving chamber 
comprises a sealed chamber except for the apertures. 
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5. The separator of claim 1 wherein the particle receiving chamber is in 
communication with a conduit for transporting separated particles 
downstream from the particle receiving chamber. 

6. The separator of claim 1 further comprising: 
5 (a) a cleaner head adapted for movement over a floor and having a 

fluid nozzle positionable adjacent the floor, the nozzle in fluid flow 
communication via a passageway with the separator fluid inlet; 

(b) a handle for moving the cleaner/head over the floor; and, 

(c) a casing for housing the cyclone chamber. 

10 7. The separator of claim 6 wherein |he casing is pivotally mounted to the 
cleaner head. 



8. The separator of claim 6 wherein the passageway comprises a flexible 
portion that is positioned external of the cleaner head and the casing and the 
handle is affixed to the cleaner head. 



15 9. The separator of claim 1 wherein the apertures are sized to inhibit 
elongate particles from passing these through, whereby elongate particles 
collect on top of the particle separatir ^g member. 

10. The separator of claim 1 wherein the apertures are shaped to 
20 aerodynamically direct particles from the cyclonic flow region into the particle 
receiving chamber. 



11. The separator of claim 1 wherein the apertures comprise slits having 
longitudinally extending upstrearr and downstream edges relative to the 
fluid flow and transversely extending sides and the edges are longer than the 
25 sides. 
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12. The separator of claim 11 wherein the /ength of the edges are 
substantially aligned with the radial width of the cyclone chamber. 

13. The separator of claim 11 wherein the length of the edges define a 
longitudinally extending axis which are at an /ngle of up to 45° to the radius 

5 of the cyclonic flow region. 

14. The separator of claim 1 wherein tne apertures have an radial outer 
end and a radial inner end and the radial outer end is positioned adjacent the 
outer wall of the cyclone chamber. 

10 15. The separator of claim 1 wherein jthe apertures have an upstream edge 
and downstream edge, relative to the/ fluid flow and the thickness of the 
particle separating member is reduced adjacent the upstream edge of the 
apertures. 



15 



20 



16. The separator of claim 15 wherein the particle separating member has 
an upper surface and a lower surface and the upper surface is angled towards 
the particle receiving chamber adjacent the upstream edge and the lower 
surface is angled away from the aper xire adjacent the downstream edge. 



17. The separator of claim 1 whirein 
disposed substantially perpendicula rly 
flow region. 



18. The separator of claim 1 whejrein 
disposed at an angle to a longitudinal 



the particle separating member is 
to a longitudinal axis of the cyclonic 



in the particle separating member is 
axis of the cyclonic flow region. 



19. The separator of claim 1 wherein the particle separating member is 
convex or concave. 



WO 01/07168 



PCT/CA00/00873 



32 



20. The separator of claim 1 wherein the particle separating member 
extends under all of the cyclonic flow region to dearie bottom surface of the 
cyclonic flow region. 

21. The separator of claim 1 wherein the particle separating member 
5 extends essentially under only the outer peripheral portion. 

22. The separator of claim 1 wherein fthe apertures are positioned 
essentially only beneath the peripheral portion of the cyclonic flow region. 

23. The separator of claim 1 whereifi the apertures are positioned 
essentially only beneath the inner portion of the cyclonic flow region. 

10 24. The separator of claim 1 wherein die apertures are positioned beneath 
only the peripheral and inner portions or the cyclonic flow region. 



25. The separator of claim 1 whetein the apertures are distributed 
regularly around the particle separating member. 



26. The separator of claim 1 wherein the fluid contacts only a portion of 
15 the particle separating member and the apertures are positioned only in said 
portion. 



27. A separator for separating enjtrained particles from a fluid flow, the 
separator comprising: 

(a) a cyclone chamber for cont lining a cyclonic flow in a cyclonic flow 
20 region, the cyclonic flow region having a radial width, an outer peripheral 

portion, a medial portion disposed interior of the peripheral portion and an 
inner portion disposed interior of the medial portion; 

(b) means for introducing a fluid flow to the cyclone flow region for 
cyclonic rotation therein; 

25 (c) means for removing the fluid flow from the cyclone chamber; 

/ 
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(d) particle receiving means disposed beneath the cyclone flow region 
for receiving particles separated from the fluid flc 

(e) separation means for dividing the pamcle receiving means from the 
cyclone chamber; and 

(f) transporting means associated With the separation means for 
connecting the particle receiving means in flow communication with the 
cyclonic flow region such that, in operation, particles pass through the 
transporting means to the particle receiving means 

wherein said transporting means ^re positioned outside the medial 
portion of the cyclonic flow region. 



15 



28. The separator of claim 27 wherein the particle receiving means 
comprises a sealed chamber except for the transporting means and the 
separator further comprises emptying means for emptying the particle 
receiving means. 

29. The separator of claim 27 further comprising means for connecting the 
particle receiving means in flow communication with a conduit for 
transporting separated particles downstream from the particle receiving 
means. 



30. The separator of claim 27 further 
20 associated with the transporting means 

cyclonic flow region into the particle receiving means. 



31. The separator of claim 27 wherein the particle separating means 



extends under all of the cyclonic flow 
cyclonic flow region. 



comprising aerodynamic means 
for directing particles from the 



region to define bottom surface of the 



25 32. The separator of claim 27 w 
positioned beneath only one or both of 
the cyclonic flow region. 



erein the transporting means are 
the peripheral and inner portions of 



J 
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33. The separator of claim 27 wherein the transporting means are 
distributed regularly around the separating means. 

34. The separator of claim 27 wherein the fluid contacts only a portion of 
the separating means and the transporting means are positioned only in said 

5 portion. 

35. The separator of claim 27 wherein the transporting means comprise 
openings in the separation means. 



10 



15 
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36. A method for separating ^ntrained particles from a fluid flow, the 
method comprising the steps of: 

(a) introducing a fluid to' flow cyclonically in a chamber having a 
cyclonic flow region, the cyclonic flow region having a radial width, an outer 
peripheral portion, a medial portion disposed interior of the peripheral 
portion and an inner portion disposed interior of the medial portion; 

(b) removing particles from the fluid flow in the cyclone chamber via 
passages provided beneath one or both of the peripheral and inner portions; 
and, 

(c) removing the fluid fl<bw from the chamber 



37. The method of claim 36 
particles removed from the flqid 
the separated particles. 



38. The method of claim 36 
separated particles downstream 



further comprising the steps of storing the 
flow and inverting the chamber to remove 



further comprising the step of transporting 
from the chamber. 



39. The method of claim 361 wherein the separator comprises the dirt 
separation mechanism for a vacuum cleaner and the method further 
25 comprises passing a cleaning head over a surface to clean the surface. 
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40. The method of claim 36 further corrjprising directing particles to pass 
into the passages. 



10 
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41. A separator for separating entrained particles from a fluid flow, the 
separator comprising: 

(a) a cyclone chamber having aA outer wall and a cyclonic flow region; 

(b) a fluid inlet for introducing^ cyclonic fluid flow to the cyclonic flow 
region; 

(c) a fluid outlet for removing the fluid flow from the cyclone chamber; 

(d) a particle separation member positioned in the cyclone chamber 
beneath at least a portion of the cyclonic flow region, the particle separation 
member having an upper surface ind plurality of apertures; and, 

(e) a particle receiving I chamber disposed beneath the particle 
separation member for receiving particles passing into the particle receiving 
chamber through the apertures j 

wherein the separator is constructed to reduce turbulent fluid flow in 
the vicinity of the apertures. 



42. The separator of claim 41 
the fluid to flow through the se 
cyclone chamber is pulsed. 



further comprising a fluid pump for causing 
parator wherein the fluid flow through the 



20 43. The separator of claim 41 further comprising a moveable closure 
member on one of the fluid inlet and the fluid outlet for causing a pulsed 
fluid flow through the cyclone chamber. 



44. The separator of claim 41 fvherein the particle separation member has 
from 5 to 35 apertures. 



25 45. The separator of claim 411 wherein the number of apertures in the 
particle separation member is calculated by the formula: 
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number of apertures = H x 4 ± 20% 

D 

where H= the vertical height of the 
D= the diameter of the eye 



Ionic flow region 
chamber 



10 



46. The separator of claim 41 wherein the cyclone chamber has a diameter 
and each aperture has a longitudinally extending upstream edge and a 
longitudinally extending downstream edges, relative to the fluid flow, and 
transverse sides extending between/the edges, the edges have a length which 
is less than 10% of the diameter of/the cyclone chamber and the sides have a 
length which is 25 - 35% of the length of the edges. 



15 



20 



47. The separator of claim 46iwherein the edges are substantially radially 
aligned with the cyclone chambe 

48. The separator of claim 4li wherein each aperture has an upstream edge 
and a downstream edge, relative to the fluid flow, and the upstream edge is 
angled towards the particle receiving chamber, the included angle between 
the upstream edge and the upper surface of the particle separation member is 
from 15 to 90°. 



49. The separator of claim 41 wherein each aperture has an upstream edge 
and a downstream edge, relative to the fluid flow, and the downstream edge 
is angled towards the particle receiving chamber, the included angle between 
the downstream edge and the upper surface of the particle separation 
member is from 15 to 90°. 



50. The separator of claim 41 Iwherein the fluid flow changes direction and 
travels to the fluid outlet at a position as it travels over the particle separation 
25 member and the separator further comprising a baffle positioned beneath the 
particle separation member at a position 10 to 20° downstream of the position 
at which the fluid flow changes direction. 
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51. The separator of claim 50 wherein the particle receiving chamber has a 
bottom to comprise a sealed chamber excent for the apertures and the baffle 
extends between the particle separation /member and the bottom of the 
particle receiving chamber. 



52. The separator of claim 41 wherein^ the particle receiving chamber is in 
communication with a conduit for/ transporting separated particles 
downstream from the particle receiving chamber. 



10 



53. The separator of claim 41 further comprising: 

(a) a cleaner head adapted for movement over a floor and having a 
fluid nozzle positionable adjacent the floor, the nozzle in fluid flow 
communication via a passageway with the separator fluid inlet; 

(b) a handle for moving the cjLaner head over the floor; and, 

(c) a casing for housing the cyclone chamber. 



54. The separator of claim 41 wherein the particle separation member 
15 extends under all of the cyclonic flow region to define bottom surface of the 

cyclonic flow region. 

55. A separator for separating entrained particles from a fluid flow, the 
separator comprising: 

(a) a cyclone chamber for co ntaining a cyclonic flow in a cyclonic flow 
20 region; 

(b) fluid entry means for introducing a fluid flow to the cyclone flow 
region for cyclonic rotation therein; 

(c) fluid exit means for removing the fluid flow from the cyclone 
chamber; I 

25 (d) fluid pump means for dausing fluid flow through the cyclone 

chamber; 



i 
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(e) particle receiving means disposed beneath the cyclone flow region 
for receiving particles separated from the fluid flow; 

(0 separation means for dividing # t!he particle receiving means from the 
cyclone chamber; 



fan 



5 (g) transporting means associated with the separation means for 

connecting the particle receiving means in flow communication with the 
cyclonic flow region such that, in operation, a boundary layer flow of fluid 
develops over the separation means and the particles disentrained from the 
fluid flow pass through the transporting means to the particle receiving 
10 means; and, I 

(h) means for reducing the thickness of the boundary layer of fluid as it 
travels over the separation means/ 

56. The separator of claim 55 wherein the means for reducing the 
thickness of the boundary layer [comprises means for pulsing the fluid flow 

15 through the cyclone chamber. 

57. The separator of claim 56 wherein the means for pulsing the fluid flow 
through the cyclone chamber comprises means for pulsing an electrical signal 
to the fluid pump means. 

58. The separator of claim 56| wherein the means for pulsing the fluid flow 
20 through the cyclone chamber comprises means pulsing for cyclically opening 

and closing one of the fluid entr| means and the fluid exit means. 

V 

IS 

59. The separator of claim* 55 wherein the means for reducing the 
thickness of the boundary layer rcomprises constructing and positioning the 
transporting means to reduce turbulent fluid flow over the separation means. 

4 

25 60. The separator of claim 55 wherein the means for reducing the 
thickness of the boundary layer comprises constructing and positioning flow 



J 
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disruption means beneath the separating means for disrupting cyclonic fluid 
flow in the particle receiving means. 



61. The separator of claim 55 ^wherein the particle receiving means 
comprises a sealed chamber except for the transporting means and the 

5 separator further comprises emptying means for emptying the particle 
receiving means. 

62. The separator of claim #55 wherein the transporting means are 

aerodynamically shaped to directing particles from the cyclonic flow region 

I 

into the particle receiving means. 



10 63. A method for separating entrained particles from a fluid flow, the 

I 

method comprising the steps of: 



(a) introducing a fluid* to flow cyclonically in a chamber having a 

I 

cyclonic flow region and a particle separation member positioned in the 

[ 

cyclone chamber to define a particle receiving chamber; 

I 

15 (b) adjusting the back pressure in the chamber to promote the 

formation of a laminar boundary layer adjacent the particle separation 
member; J 

(c) removing particles Sfrom the fluid flow in the cyclone chamber via 
passages provided in the particle separation member; and, 

20 (d) removing the fluid flow from the chamber. 



64. The method of claim 63 further comprising the steps of storing the 
particles removed from the fl\xid flow and inverting the chamber to remove 
the separated particles. 

65. The method of claim 63 wherein the separator comprises the dirt 
25 separation mechanism for a I vacuum cleaner and the method further 

comprises passing a cleaning head over a surface to clean the surface. 
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66. The method of claim 63 wherein/the particle separation member is 
constructed and positioned to reduce turbulent fluid flow over the particle 
separation member in the vicinity oythe passages and the method further 
comprises passing the fluid flow ovefr the particle separation member during 

5 operation of the chamber. 

67. The method of claim 63 wherein the chamber further comprises flow 
disruption means which is constructed and positioned beneath the separating 
means for disrupting cyclonic fluid flow in the particle receiving chamber to 
reduce turbulent fluid flow over the particle separation member in the 

10 vicinity of the passages and tl^4 method further comprises passing the fluid 
flow over the particle separation member during operation of the chamber. 

68. A vacuum cleaner comprising: 

(a) a cyclone chamber having an outer wall and a cyclonic flow region; 

(b) a fluid inlet for introducing a cyclonic fluid flow to the cyclonic flow 
15 region; / 

(c) a cleaner head adapted for movement over a surface and having a 
fluid nozzle positionable Jadjacent the surface, the nozzle in fluid flow 
communication via a passageway with the fluid inlet; 

(d) a fluid outlet for removing the fluid flow from the cyclone 
20 chamber; 

(e) a particle separation member positioned in the cyclone chamber 
beneath at least a portion pf the cyclonic flow region, the particle separation 
member having an upper surface and plurality of apertures; and, 

(f) a particle receiving chamber disposed beneath the particle 
25 separation member for receiving particles passing into the particle receiving 

chamber through the aperaires; 

wherein the separator is constructed to reduce turbulent fluid flow in 
the vicinity of the apertures 

69. A vacuum cleaner comprising: 
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(a) a cyclone chamber having an outer wall and a cyclonic flow region; 

(b) a air inlet for introducing a cyclonic air flow to the cyclonic flow 



region; 



/ 



(c) a cleaner head adapted for movement over a surface and having a 
5 air nozzle positionable adjacent |fhe surface, the nozzle in air flow 

communication via a passageway with the air inlet; 

(d) a air outlet for removing >the air flow from the cyclone chamber; 

(e) a particle separation member positioned in the cyclone chamber 
beneath at least a portion of the cyclonic flow region, the particle separation 

10 member having an upper surface/and plurality of apertures; 

I 

(f) a particle receiving^ chamber disposed beneath the particle 

separation member for receiving particles passing into the particle receiving 

I 

chamber through the apertures/ and, 

(g) a motor for causing the air to flow through the vacuum cleaner 
15 wherein the air flow through the cyclone chamber is pulsed. 

70. The vacuum cleaner of Claim 69 further comprising a moveable closure 
member on one of the air inletland the air outlet for causing a pulsed air flow 
through the cyclone chamber! 



71. The vacuum cleaner iof claim 69 wherein the motor receives an 
20 electrical signal and the electrical signal is pulsed to produce the pulsed air 
flow. 



72. A vacuum cleaner comprising: 

I 

(a) a cyclone chamber having an outer wall and a cyclonic flow region; 

(b) a air inlet for introdpcing a cyclonic air flow to the cyclonic flow 
25 region; 

(c) a cleaner head adapted for movement over a surface and having a 
air nozzle positionable adjacent the surface, the nozzle in air flow 
communication via a passageway with the air inlet; 



(d) a air outlet for remo\ 



g the air flow from the cyclone chamber; 
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(e) a particle separation member positioned in the cyclone chamber 

beneath at least a portion of the cyclonic/flow region, the particle separation 

f 

member having an upper surface and plurality of apertures; 

(f) a particle receiving chamber disposed beneath the particle 

I 

5 separation member for receiving particles passing into the particle receiving 
chamber through the apertures; andf 

(g) a motor for causing the air to flow through the vacuum cleaner 
wherein the particle separation/member is constructed and adapted to 
increase the particle separation efficiency of the cyclone chamber. 

10 73. The vacuum cleaner of/ claim 72 wherein the particle separation 
member has from 5 to 35 apertures. 

/ 

74. The vacuum cleaner off claim 72 wherein the number of apertures in 

the particle separation member is calculated by the formula: 
number of apertures = |H[ x 4 ± 20% 

where H= the vertical height of the cyclonic flow region 

I 

D= the diameter of the cyclone chamber 



75. The vacuum cleaner fof claim 72 wherein the cyclone chamber has a 
diameter and each aperture has a longitudinally extending upstream edge 
20 and a longitudinally extending downstream edges, relative to the air flow, 
and transverse sides extending between the edges, the edges have a length 
which is less than 10% of the diameter of the cyclone chamber and the sides 
have a length which is 25 - 35% of the length of the edges. 



15 



76. The vacuum cleaner jpf claim 75 wherein the edges are substantially 
25 radially aligned with the cyclone chamber. 



77. The vacuum cleaner! of claim 72 wherein each aperture has an 
upstream edge and a downstream edge, relative to the air flow, and the 
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upstream edge is angled towards the particle receiving chamber, the included 
angle between the upstream edge and the upper surface of the particle 
separation member is from 15 to 90°. / 



78. The vacuum cleaner of claim 72 wherein each aperture has an 
5 upstream edge and a downstream edge, relative to the air flow, and the 
downstream edge is angled towards the particle receiving chamber, the 
included angle between the downstream edge and the upper surface of the 
particle separation member is fro(n 15 to 90°. 



79. The vacuum cleaner of claim 72 wherein the air flow changes direction 
10 and travels to the air outlet Lt a position as it travels over the particle 
separation member and the ^vacuum cleaner further comprising a baffle 
positioned beneath the particle separation member at a position 10 to 20° 
downstream of the position at/which the air flow changes direction. 



80. The vacuum cleaner ofj claim 79 wherein the particle receiving chamber 
15 has a bottom to comprise a sealed chamber except for the apertures and the 
baffle extends between the particle separation member and the bottom of the 
particle receiving chamber. 
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